The comparison of low pressure gas flowrate among NIM, PTB and VNIIR
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Abstract

From 2013.09 to 2014.11, the comparisons of low pressure gas flow rate were conducted among NIM, PTB and VNIIR, 4 sonic nozzles were chosen as the transfer meters during the comparison. The pVTt primary gas flow facility was used in NIM. The bell prover was used in PTB. The Standard facility EU-1 was used in VNIIR. The degree of equivalence was evaluated by En value. According to the analyzing, all the results were consistent.


1. Introduction

The periodically comparison among National Metrology Institutes (NMIs) is conducted to validate their claimed measurement capabilities for their primary standards. For gas flow, the critical flow Venturi (CFV) or sonic nozzle is among the world’s best transfer standard and has been used successfully for numerous inter-comparisons between NMIs as well as between secondary flow calibration laboratories. [1, 2]
In this work, 4 CFVs with throat diameters (2.875~9.559) mm are used to compare the primary standards of the National Institute of Metrology (NIM) in China with those of Physikalisch-Technische Bundesanstalt (PTB) in Germany and National Metrological Institute FGUP VNIIR in Russian Federation. The NIM primary standard is a 2 m3 suction type PVTt system with an expanded uncertainty in mass flow of 0.05 % (k=2, which the PTB primary standard is a 1 m3 bell Prover with expanded uncertainty of 0.04% (k=2) and the VNIIR primary standard EU-1 with expanded uncertainty of 0.084% (k=2).
2. The comparison facility

The CFV mass flows measured by the respective standard facilities are used to calculate the discharge coefficient which was compared in this comparison.
2.1 pVTt facility in NIM
Figure 1 shows a schematic of NIM’s 2 m3 suction type PVTt primary flow standard. Temperature, pressure, and relative humidity instrumentation are used in conjunction with an equation of state to determine the density in the collection tank before and after filling. The working fluid is humid air at atmospheric pressure. The PVTt system works by first evacuating the 2 m3 collection vessel to a pressure of 500 Pa using a vacuum pump. The density of the air remaining in the tank is determined. Subsequently, the tank inlet valve is opened while simultaneously starting the timer. During the filling process, ambient air flows through the CFV into the collection tank. When the collection tank is filled to approximately 50 kPa, the tank inlet valve is closed and simultaneously, the timer is stopped. Once thermal equilibrium is established in the collection tank, the final air density is calculated. The difference between the final and initial air density is multiplied by the collection tank volume to determine the mass change in the collection tank attributed to the filling process. The time-averaged mass flow through the CFV is the mass change in the collection tank divided by the collection time interval.
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Figure. 1:  NIM’s 2 m3 PVTt primary flow standard


The results of NIM is shown in Table. 1

The expanded uncertainty for mass flow using NIM’s 2 m3 PVTt is 0.05 % (k=2) and the expanded uncertainty for the discharge coefficient ranges from 0.10 % to 0.20% (k=2) depending on the reproducibility of repeated measurements.

Table. 1: The results of NIM
	SN
	diameter
	Flowrate
	NIM

	
	[mm]
	[m3/h]
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	4.5-VNIIR
	2.875
	4.5
	0.9733 
	0.10

	10-VNIIR
	4.280
	10
	0.9776 
	0.10

	25-VNIIR
	6.761
	25
	/
	/

	50-VNIIR
	9.559
	50
	0.9795 
	0.10


2.2 Bell prover in PTB

Generally, volumetric flowrate of air at measurement conditions is determined by a shift of the bell (volume variation of space under the bell) in the course of a known time period. Values used for obtaining a volumetric flowrate of a calibrated nozzle for fixed application conditions are determined on the basis of measured volumetric flowrate data of the studied nozzle.
[image: image4.png]



Figure. 2: PTB’s 1 m3 bell prover primary flow standard
Calibration results are represented by values of volumetric flowrate of dry air at temperature 20 °С and pressure 100 kPa and two linear dependence ratios for the determination of volumetric flowrate for fixed application conditions.


The flow range is (1~60) m3/h, the uncertainty is 0.05% (k=2).

The results of PTB is shown in Table. 2
Table. 2: The results of PTB

	SN
	diameter
	Flowrate
	PTB

	
	[mm]
	[m3/h]
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	4.5-VNIIR
	2.875
	4.5
	0.9735 
	0.048 

	10-VNIIR
	4.280
	10
	0.9778 
	0.049 

	25-VNIIR
	6.761
	25
	0.9782 
	0.046 

	50-VNIIR
	9.559
	50
	0.9794 
	0.046 


2.3 EU-1 Standard in VNIR
Eu-1 is based on static mass measurement of air having passed through the critical nozzle and collected in a hydrostatically balanced gas collection tank over a fixed time interval. Reproducible volumetric gas flowrate is determined as a result of measurements of mass gas flowrate, air conditions (pressure р, temperature Т, humidity () and physical properties of air calculated on the basis of above mentioned parameters.
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Figure. 3. EU-1 hydraulic circuit diagram
1 – information processing system; 2 – measuring and computing complex; 3 – weight distribution system (; 4 – caisson; 5 – scale; 6 – vacuum gage; 7 – pressure transducer; 8 – temperature transducer; 9 – moisture transducer; 10 – calibrated critical nozzle; 11 – vacuum valve; 12 – gas collection vessel.

The flow range is (0.003~100) m3/h, and the uncertainty is smaller than 0.083% (k=2), while the uncertainty of discharge coefficient is 0.15% (k=2).
The results of VNIIR is shown in Table. 3
Table. 3 The results of VNIIR
	SN
	diameter
	Flowrate
	VNIIR

	
	[mm]
	[m3/h]
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	4.5-VNIIR
	2.875
	4.5
	0.9746 
	0.15 

	10-VNIIR
	4.280
	10
	0.9784 
	0.15 

	25-VNIIR
	6.761
	25
	0.9790 
	0.15 

	50-VNIIR
	9.559
	50
	0.9804 
	0.15 


3. The evaluation scheme on the comparison

The reference value, 
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 was calculated as weighted mean error (WME): [3-5]
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The uncertainty of the reference value is given by 
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When the KCRV was determined, the differences between the participating laboratories and the KCRV were calculated according to
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The covariance between the result of a laboratory (with contribution to the KCRV) and the KCRV is the variance of the KCRV itself
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Based on these differences, the normalized Degree of Equivalence (DoE) was calculated according to
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4. The evaluation results

4.1 The reference value (KCRVs)

The results of KCRVs are shown in Table. 4.
Table. 4 The results of KCRVs
	SN
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	4.5-VNIIR
	0.9736 
	0.041 

	10-VNIIR
	0.9778 
	0.042 

	25-VNIIR
	0.9782 
	0.044 

	50-VNIIR
	0.9795 
	0.041 


4.2 The difference to KCRV


The difference between each lab to KCRV is shown in Table. 5
Table. 5 The difference to KCRV
	SN
	NIM
	PTB
	VNIIR

	
	[%]
	[%]
	[%]

	4.5-VNIIR
	-0.02 
	0.00 
	0.10 

	10-VNIIR
	-0.02 
	0.00 
	0.05 

	25-VNIIR
	/
	-0.01 
	0.07 

	50-VNIIR
	0.00 
	-0.01 
	0.09 


4.3 The degree of equivalence to KCRV


The degree of equivalence to KCRV is shown in Table.6.

Table. 6 The degree of equivalence to KCRV
	SN
	NIM
	PTB
	VNIIR

	4.5-VNIIR
	-0.27 
	-0.21 
	0.72 

	10-VNIIR
	-0.23 
	-0.02 
	0.37 

	25-VNIIR
	/
	-0.51 
	0.51 

	50-VNIIR
	0.04 
	-0.43 
	0.63 


It was clear that from Table. 6, all the results were equivalent.
5. The conclusions

The comparisons of low pressure gas flow rate were conducted among NIM, PTB and VNIIR. 4 sonic nozzles were chosen as the transfer meters during the comparison. The pVTt primary gas flow facility was used in NIM. The bell prover was used in PTB. The Standard facility EU-1 was used in VNIIR. The En value was calculated to evaluate the consistence of the each facility. According to the analyzing, the results were equivalent within the (4.5~50) m3/h.
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